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This study uses three cohorts of first-time, full-time undergraduate students (N=8,652) at a large, metropolitan, public research university to examine the impact of student use of three library resources (workstations, study rooms, and research clinics) on academic performance. To deal with self-selection bias and estimate this impact more accurately, we used propensity score matching. Using this unique approach allowed us to construct treatment and control groups with similar background characteristics. We found that using a given library resource was associated with a small, but also meaningful, gain in first-term grade point average, net of other factors.
mid budget cuts and legislative pressure, academic institutions are increasingly seeking ways to foster student success. Colleges and universities often create and/or expand support services and programmatic interventions, with the hope that these services will yield positive returns, such as higher student persistence rates and better grades. Student support services, in turn, are increasingly asked to demonstrate their worth in terms of contributing to the achievement of institutional outcomes. Academic libraries are not an exception.
1 As Oakleaf noted, " [l] ibrarians are increasingly called upon to document and articulate the value of academic and research libraries and their contribution to institutional mission and goals."
July 2015 student attendance at library sessions and graduation GPA. For example, only 15 percent of the programs that offered one library workshop and only 22 percent of the programs that offered two workshops to their students showed a positive correlation between workshop attendance and graduation GPA. In contrast, around 50 percent of the programs that offered three or four workshops showed a positive correlation between workstation attendance and graduation GPA.
The University of Wollongong Library (Australia) developed a database and reporting system as "a cost effective and sustainable way of collecting information on [the library's] impact on client outcomes." 11 The end product, the Library Cube, merges library use data and student demographic and academic performance data and allows for an assessment of the relationship between library usage and student performance. 12 A sample finding from the Library Cube revealed "a very strong nonlinear correlation between average usage of resources and average student marks." 13 Students who borrowed books and used electronic resources were found to have higher grades than those who did not.
A study conducted at Huddersfield University (U.K.) used a sample of more than 20,000 first-through fourth-year students and investigated library visits, use of electronic resources, and book loans. 14 This study found some indication that students who used more electronic resources and those who borrowed more books tended to have better grades. The University of Huddersfield study was later expanded to other U.K. universities. This follow-up study used a sample of more than 33,000 undergraduate students from eight U.K. universities and found a positive relationship between library resource utilization (access to electronic resources and book loans) and degree attainment. 15 This relationship held true collectively across institutions and, for institutions providing loan and electronic resource data, at the institution level.
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Some of the most recent studies have been conducted at U.S. academic institutions. For instance, researchers at Samford University examined the correlation between access to e-books, e-journals, online databases, and electronic reference works and the GPA of freshmen, sophomores, juniors, and seniors. 17 This study found a positive, weak to moderate, and statistically significant correlation between the two variables and across the four class levels. Researchers from the University of Minnesota sought to expand the scope of previous studies by examining multiple library resources and services, rather than just focusing on one or two resources. 18 This study used a sample of more than 5,300 first-year, nontransfer undergraduate students and included 13 library access variables, including material loans and renewals; on-and off-campus electronic resource logins; workstation logins; and library workshop registrations. After controlling for student demographic characteristics, academic background, and campus experiences, the study found that students who used the library at least once, regardless of the resource or service, during their first semester had a higher first-term GPA compared to students who did not. 19 Additionally, students who used the library at least once had a higher fall-to-spring semester retention compared to their peers who did not.
20 This study also identified a differential association between the type of library service or resource used and the outcomes of interest. For example, four resources (workstation use, online database access, electronic journal access, and book loans) were found to be related to term GPA and two resources (workshop attendance and online database access) to retention.
With the exception of the University of Minnesota study, which used regression analysis and controlled for students' background characteristics, the other studies reviewed merely focused on bivariate correlation between use of library resources and students' academic outcomes. A consistent shortcoming in previous studies that examine the relationship between library use and student achievement is that these studies did not take into consideration the fact that a variety of factors may contribute to students' decisions to use library resources and that these factors may be, in turn, related to the student outcomes of interest. If this were the case, then the estimated "impact" of library resources on student outcomes could, in fact, reflect (at least partially) the relationship between student characteristics and academic outcomes. In other words, the estimated relationship or impact could be biased. In the present study, we addressed this issue by using propensity score matching and constructing treatment and control groups in a way that attempts to mimic a randomized experiment. We used this approach to examine the impact of student use of three library resources (workstations, study rooms, and research clinics) on first-term GPA. In addition to adjusting for a variety of student characteristics, we computed the average treatment effect (ATE) corresponding to each library resource examined. For each ATE, we also computed the corresponding effect size to assess the practical, rather than simply the statistical, significance of the estimated impact.
Conceptual Framework
In this study, we used Astin's input-environment-output (I-E-O) model, represented by figure 1, as our conceptual framework. 21 Astin conceptualized the college as comprising three components: student inputs, the college environment itself, and student outputs. According to Astin, inputs are personal qualities that the student brings to college, whereas the environment consists of the student's actual experiences during his/her college education. The outputs consist of the student's developmental aspects that the college seeks to influence. In the present study, inputs included students' demographic characteristics and academic preparation. The primary environmental experience of interest was students' use of library resources. Secondary environmental experiences included the student's college or school, credit load, living arrangement, financial situation, and participation in Freshman Learning Communities (FLCs). The output of interest was students' academic performance in the first term.
According to Astin, analysis of the effect of environmental experiences on outputs (arrow B) is the main concern of the research on the impact of college. This is because environments can be modified to offer students a better experience and enhance their academic performance or progress. According to Astin, outputs are affected by both inputs and environmental experiences. As Astin's model further shows, inputs are almost always related to environmental experiences. This therefore presents an analytical challenge: "any observed relationship between environments and outcomes might well reflect the effects of inputs rather than the actual effects of environments on outcomes." 22 In fact, previous studies that examined the relationship between library resources and academic outcomes failed to take into account that students' use of library resources may be a function of a number of factors and that these factors, in turn, may be related to student academic outcomes. In other words, self-selection bias is a threat in studies that examined the relationship between student use of library resources and academic outcomes. This is because, in general, students make a decision to use or not use library resources. Consequently, students who use library resources may differ systematically from those who do not use these resources. To deal with self-selection, we used a quasi-experimental design to eliminate, or at least substantially decrease, the relationship between inputs (student characteristics) and the primary environmental variable of interest (use of library resources). This approach allowed us to estimate the impact of library resources on academic outcomes more accurately.
Methods

Sample and Data Sources
The sample for this study comprised 8,652 first-time, full-time freshmen who matriculated in fall 2010, fall 2011, and fall 2012 at Georgia State University-a large, metropolitan, public research university with a diverse student body. Of the student sample used, 55 percent were female, 35 percent Black, 33 percent White, 17 percent Asian, and 9 percent Hispanic. This study used two data sources. Georgia State University Library provided data on students' utilization of library workstations, group study room reservations, and research clinic attendance. The library requires that students log in to library computer workstations using their campus usernames, and login data are collected through LabStats computer lab management software. The library also provides access to 60 group study rooms that must be reserved through an online reservation system, which also requires campus username authentication. Students who attended research clinics, one-hour classes on various research-related topics, recorded their attendance by swiping their campus ID cards through magnetic swipe readers. The Office of Institutional Effectiveness merged library use data with student background characteristics and academic records extracted from the university data warehouse.
Variables
The output (or independent variable) of interest was students' academic performance, measured by first-term GPA. The environmental variable of interest was use of library resources, which included workstations, study rooms, and research clinics. Workstation usage was measured by the number of times the student logged in to library workstations during his/her first fall term on campus. To take into account the significant variations in the number of times students used library workstations, we created four separate dummy variable indicators and used each in a separate analysis. These workstation-usage indicators were as follows:
1. Whether or not the student logged in to workstations at least once. 2. Whether or not the student logged in to workstations at least five times.
3. Whether or not the student logged in to workstations at least 10 times. 4. Whether or not the student logged in to workstations at least 20 times. Study room usage was a binary variable that indicated whether or not the student reserved a study room at least once in his/her first term. Finally, research clinic attendance measured whether or not the student attended a research clinic at least once in his/her first term. Each of the six "treatment" indicators was the focus of a separate analysis.
This study included various control variables (both input and environmental). Input variables included students' demographic characteristics and academic preparation. Demographic characteristics included the student's sex, race/ethnicity, citizenship, age at matriculation, and the matriculation term. Academic preparation included the student's high school GPA, SAT math score, and SAT verbal score, as well as an indicator of whether the student transferred any Advanced Placement (AP) credits. Other environmental variables used as control variables included the student's college or school, the number of credits taken in the first term, whether the student lived on campus, whether the student participated in a Freshman Learning Community (FLC), and the student's level of unmet financial need. Table 1 provides the frequency distribution of the student sample on categorical variables, and table 2 gives descriptive statistics on continuous and discrete variables.
Research Design and Data Analysis
Students who used library resources (as measured by the six indicators defined earlier) may have differed systematically from those who did not use these resources. Therefore, any estimate of the impact of library resources may be biased, particularly if there are variables that predict both student use of library resources and student academic performance. For example, it may be possible that female students use a given library resource more than their male counterparts do and that these female students also tend to have a higher term GPA compared to their male counterparts. In this case, a student input (sex) is related to both the environment (library resource utilization) and the output (term GPA). As Astin indicated, in such a case, the relationship between the environment and the output may simply reflect the effect of the input rather than an actual effect of the environment on the output. 23 In our example, this means that the effect of the input (sex) will be incorporated in the estimated effect of the environment (library use), thus causing the effect of the environment to be biased upward or downward. To deal with this issue, we used propensity score matching. This approach was introduced by Rosenbaum and Rubin. 24 The propensity score is defined as "the conditional probability of exposure to the treatment given the observed covariates." 25 The propensity score makes it possible to deal with a critical empirical issue: it allows estimating effects of certain groups when random assignment is not possible and when individuals have "self-selected themselves into treatment or control conditions." 26 This approach has been used in higher education research to study different topics. For example, Attewell and his colleagues used it to investigate the impact of taking remedial courses on graduation and time to degree. 27 Schudde used it to examine the effect of campus residency on student retention. 28 Most recently, Chiteng Kot used it to estimate the impact of academic advising on first-year GPA and attrition. 29 We used propensity score matching as a data preprocessing step. 30 First, we used logistic regression to predict students' use of library resources. We used each of the six treatment indicators of library resource utilization as the dependent variables and student characteristics (demographics, academic preparation, and campus experiences) as independent variables. For each student we generated the propensity score: in other words, the probability of using a particular library resource. We used these propensity scores to match individuals who used a particular library resource with those who did not use that recourse, such that the two groups had similar or almost identical background characteristics. As an example, we matched students who used workstations at least once with students who had a similar propensity score but who never used any workstations. We repeated this process for each of the remaining treatment indicators (using workstations at least five times, at least 10 times, and at least 20 times; using study rooms at least once; and attending research clinics at least once). The propensity score is particularly attractive because of its balancing property. 31 Rosenbaum and Rubin demonstrated that treated and control subjects with the same propensity score have the same distribution relative to the observed covariates.
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In this study, we used a matching approach known as nearest neighbor. 33 This approach consists in matching or pairing each person with a given propensity score in the treatment group with a person with the closest propensity score in the control group. We used matching with replacement. According to Stuart's review of matching methods, matching with replacement can decrease bias because control units that look similar to many treated units can be used multiple times. 34 Thus, we assigned each individual in the treatment group to one individual in the control group. Some individuals in the control group, however, were also assigned to multiple individuals in the treatment group (depending on how close the propensity scores were). In the final estimation of the treatment effect, we used frequency weights to adjust for the fact that some matched control units were used more than once. We discarded from our postmatching analyses individuals whose propensity score did not fall under the area of common support-in other words, the area where the ranges of propensity scores between treated and control cases overlap. Excluding these individuals from postmatching was essential to only compare groups that were similar. 35 After matching, one needs to assess the covariate balance, or the similarity of the distributions of the set of covariates, between the treatment and control groups. For each covariate included in the analysis, we computed the standardized difference in percent: that is, the "mean difference as a percentage of the average standard deviation."
36 Based on Rosenbaum and Rubin's measure, an absolute standardized difference in percent of 20 is often used as a threshold. 37 This implies that the difference between treatment and control groups should be no more than 20 percent of a standard deviation. Table 3 presents the results of the logistic regression analysis of using library resources. Results indicate that the probability of using library resources was a function of student characteristics: clearly, some students were more likely to use library resources than other students. Asian students were more likely to use workstations compared to Black students, when workstation usage was defined as (1) having logged in at least once and (2) having logged in at least five times. For example, when workstation usage was defined as having logged in to a workstation at least five times during the term, Asian students were found to be 31 percent more likely to use workstations than Black students. Hispanic students and White students, in contrast, were less likely to use workstations compared to Black students. For example, when workstation usage was defined as having logged in to workstations at least 20 times during the term, Hispanic students were found to be 32 percent less likely and White students 57 percent less likely to use workstations than Black students. Regardless of how workstation usage was defined, non-U.S. citizens were consistently more likely to use workstations compared to U.S. citizens. Likewise, students who lived on campus and those who participated in FLCs were less likely to use workstations, compared to their counterparts who did not live on campus or participate in FLCs. Students in higher quartiles of unmet financial need were more likely to use workstations compared to their counterparts in the lowest quartile (students who did not have any unmet need). The student's credit load also appeared to be positively related to the likelihood of using library workstations. For instance, when the number of credits that the students took increased by 1, the likelihood of using workstations at least once increased by 8 percent, and the likelihood of using workstations at least 20 times increased by 10 percent.
Results
Logistic Regression Results
With respect to study room use, female students were about 29 percent more likely to use study rooms than male students. Asian students were 253 percent more likely and Hispanic students 49 percent more likely to use study rooms than Black students. Students who transferred AP credits at matriculation were 39 percent more likely to use study rooms than their counterparts who did not transfer any AP credits. Students who participated in FLCs were 38 percent more likely to use study rooms than those who did not participate in FLCs. The likelihood of using study rooms decreased with the student's age at matriculation but increased with the student's high school GPA. For instance, when the student's high school GPA increased by one point, the likelihood of using study rooms increased by 43 percent. Finally, with respect to research clinic attendance, students who participated in FLCs were 705 percent (a staggering difference) more likely to attend research clinics than their counterparts who did not participate in FLCs. Also, the likelihood of attending research clinics decreased slightly with a student's SAT math score.
In summary, logistic regression results in table 3 suggest that students who used a particular library resource at the level specified differed from those who did not use that resource at the level specified. Therefore, we used logistic regression results to generate predicted probabilities of using library resources at each of the levels specified. We then used these predicted probabilities, which were estimated propensity scores, to match students in the treatment groups (students who used a given library resource) with those in the control groups (students who did not use that library resource). We discarded from the analyses students whose propensity scores did not fall under the area of common support. One average, 33 students had propensity scores that fell outside the area of common support. 
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Results of Propensity Score Matching
After matching individuals in the treatment group with those in the control group, one needs to assess balance to ensure that treatment and control groups are similar. Table 4 presents a summary of covariate balance both before and after matching. This table identifies the number of predictors at different levels of the standardized bias, which was expressed in terms of the absolute standardized difference in percent. For example, when the treatment was defined as using workstations at least once during the semester, four of the predictors had an absolute standard difference in percent that was 25 or greater. This means that students who used workstations at least once during the term differed from those who did not use workstations by at least a quarter of a standard deviation. However, after matching, the absolute standardized difference in percent for each of the predictors of using workstations at least once fell below 10. Across the six treatment indicators, all the predictors had a standardized difference less than 10, after matching, with the exception of four predictors of research clinic attendance, which had values between 10 and 14.9. On average, after matching, more than eight in ten predictors had a standardized difference that was less than 5 percent; less than two in ten predictors had a standardized difference equal to or greater than 5 percent (but also less than 15 percent). These values fell well below the 20 percent threshold that is often used based on Rosenbaum and Rubin's measure. 
38
July 2015
Results from these analyses indicated that, before matching, the treatment and control groups differed significantly along many of the observed covariates. However, matching substantially decreased bias and made treatment and control subjects similar along the observed covariates. This approach allowed us to eliminate, or at least substantially decrease, the relationship between library resource utilization and student characteristics, which in turn made it possible to estimate the impact of library resource usage more accurately.
Results of Parametric Analyses after Matching
After matching, one can examine the mean difference in the outcome of interest-term GPA in the present analysis-between the treatment and control groups. However, some researchers have argued that this bivariate analysis could still result in bias. Thus, the use of parametric methods after matching has been suggested to avoid omitted variable bias, adjust for any covariate imbalance remaining after matching, and estimate the treatment effect based on a model that is robust against misspecification. 39 Table 5 summarizes average treatment effects (ATEs) estimated after adjusting for student demographic characteristics, academic preparation, and campus experiences. Table 6 presents full regression results using matched samples. As results indicate, all the ATEs were statistically significant, implying that using library resources at the levels specified was associated with higher first-term GPA. Note: The header row indicates how the treatment indicator was defined.
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The gain in term GPA was between 12.3 percentage points and 19.6 percentage points across the six treatment indicators. Results indicate that using workstations at least once as opposed to not using them at all during the term was associated with a gain of 12 percentage points in term GPA. This gain was 15.5 percentage points for students who used workstations at least 5 times (compared to those who used them 0 to 4 times), 17.4 percentage points for students who used workstations at least 10 times (compared to those who used them 0 to 9 times), and 15.7 percentage points for those who used workstations at least 20 times (compared to their counterparts who used them 0 to 19 times). Study room usage and research clinic attendance were associated with a gain of 19.6 and 18.3 percentage points respectively for students who used these resources compared to their counterparts who did not use them.
To assess whether these gains were of practical significance, we computed the effect size (Cohen's d) for each ATE. Cohen's d values varied between 0.15 and 0.26. Each value suggested that the corresponding treatment effect was small but not negligible. Figure  2 provides an illustration of adjusted means, after controlling for student characteristics. For each treatment indicator, the adjusted mean for students in the treatment groups was always higher compared to the adjusted mean for their counterparts in the control groups.
Summary and Discussion
This study sought to examine the relationship between library resource utilization defined as workstation usage, study room usage, and research clinic attendance and undergraduate academic performance measured by first-term GPA. To reduce self-selection bias, we used propensity score matching to construct treatment and control groups that were similar on background characteristics. We found that using library resources at each of the levels specified was associated with a small but also meaningful gain in first-term GPA. With respect to the magnitude of the effects, the largest gain in term GPA was associated with using study rooms at least once during the term (gain of 20 percentage points on term GPA) and attending research clinics at least once (18 percentage points). The effect sizes corresponding to these two "treatment effects" suggest that the mean term GPA of students in the treatment group was about a quarter of a standard deviation above the mean GPA for students in the control group. An effect size conversion 40 For study room usage, an effect size of 0.26 implies that the term GPA for the average student in the treatment group who used study rooms at least once during the term exceeded the term GPA of around 62 percent of the students in the control group who never used study rooms. For research clinic attendance, the effect size of 0.24 implies that the term GPA for the average student in the treatment group who attended at least one research clinic during the term exceeded the term GPA of around 58 percent of the students in the control group, those students who never attended a research clinic.
With workstation usage defined as using library workstations at least five times (compared to 0 to 4 times), at least 10 times (compared to 0 to 9 times), or at least 20 times (compared to 0 to 19 times), the effect sizes suggest that the mean term GPA of students in the treatment groups was about one-fifth of a standard deviation above the mean GPA for students in the control group. This result further suggests that the term GPA for the average student in the treatment group who used workstations at the levels specified exceeded the term GPA of around 58 percent of the students in the corresponding control group. When workstation usage was defined as using workstations at least once (compared to zero times), results suggested that the mean term GPA of students who used workstations at least once was about 15 percent of a standard deviation above the mean GPA of students who never used a library workstation. This last finding further suggested that the term GPA for the average student who used workstations at least once during the first term exceeded the term GPA of around 54 percent of the students who never used any workstations during the term.
Thus, using library resources as defined in this research project was positively related with first-term GPA. Regardless of the threshold values used to define library resource utilization, the gain in first-term GPA appeared to be meaningful, albeit small. Because of the substantial difference in the methodological approach, statistical results from the present study cannot be directly compared with those of previous studies. In substance, however, findings from this study support the notion that there is a positive relationship between students' use of library resources and academic outcomes. The quasi-experimental research design used in this study allows us to conclude that the academic performance of an average student who used a given library resource during his/her first term was higher than that of most students who did not use that resource during their first term.
This study now provides evidence that the library has an impact on the academic performance of first-time, full-time undergraduate students at Georgia State University. The results of this study provide relevant campus units, the library in particular, with "a compelling story to share based on the data." 41 While the library already encourages faculty to urge students to seek out the library's services and resources, findings from this study may help convey to faculty that there is a proven, positive relationship between library usage and students' academic performance (GPA): Students who use the library tend to have a higher GPA compared to those who do not. The library can use this information in a marketing campaign to students, communicating to them that a known characteristic of a successful student is that of library user. This evidence also can be relayed to other student support units, such as academic advising and first-year programs, to aid them in guiding and making recommendations to struggling students. The implication for campus administration is that the library is not just a passive study space; it contributes to student success and, consequently, to the pursuit of institutional goals and objectives. Thus, investing in the university library is investing in student success. Library employees who hope that their efforts make a difference in regard to students' academic performance now know that the services and resources they provide contribute positively to student success. This knowledge should help library
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employees in outreach to non-library users and also in their interactions with library users, by assuring them that using library resources is a path toward academic success.
Limitations and Future Research
This study has a number of limitations, some of which are relative to the analytical procedures and others to the data used. With respect to the analytical procedures, it should be noted that propensity score matching seeks to achieve balance on observed covariates only. 42 Some researchers have shown that propensity score matching may also help reduce selection bias due to unobserved covariates. 43 However, it may still be possible that this analysis has not included an important variable that predicts both library resource utilization and first-term GPA, which may lead to bias in the estimation of the average treatment effect. An example of a factor that is difficult to observe or control for is motivation. If students who use library resources are more motivated than those who do not use library resources, and if these motivated students also earn higher grades than less motivated students, then the estimated treatment effects may be biased. Findings from this study should therefore be interpreted cautiously and should be viewed as reflecting a relationship, not a cause and effect.
Several limitations can also be noted relative to the data used to measure library resource utilization. First, it is unclear what students actually do when they log in to library workstations. Although one can assume that students use library workstations for academic purposes (such as research, homework, and online learning activities), it may also be possible that many students use library workstations for nonacademic purposes. This makes it difficult to understand how the use of library workstations actually impacts term GPA. Second, with respect to study room usage, although the library requires online reservations for study rooms, it is possible that some students simply walk in and use an available study room without a reservation. Another important consideration is that when a student reserves a room for group use, the online reservation system creates a record for that student only, and no records are created for other group members. Thus, students who never used their campus username to reserve a study room but who actually used a study room were not classified as having used any study rooms. Finally, the library provides various important resources and services that were not captured in this research project due to a lack of historical data. These resources and services include, among other things, loans and access to electronic resources. Thus, the resources included in this research project provide only a limited picture of how library resource utilization impacts student academic performance.
Georgia State University Library has begun to collect data on other resources, such as off-campus logins to electronic resources, and is investigating the possibility of collecting other data types, including material loans, interlibrary loan requests, and library instruction attendance. In the future, the research design used in the present study will be expanded to other library resources and services. In addition, the library and the Office of Institutional Effectiveness plan to track students' use of library resources over time, beginning with students' first term on campus. This longitudinal dataset will allow for an in-depth analysis of the impact of library resource usage on various academic outcomes, including GPA, retention, and graduation.
Conclusion
In an era of accountability in which higher education institutions and campus units are increasingly asked to demonstrate their value, assessing the impact of academic resources and services on student success has become perhaps more critical than ever. Traditionally, the academic library has been a vital part of a student's academic life. Academic libraries are uniquely situated in that they can be modified to offer college students a better aca-demic experience. Through the resources and services that they offer, academic libraries can create or foster an environment that is conducive to student learning and success. Unfortunately, research on the contribution of academic libraries to student success has lagged behind and is still in its infancy. The present study controlled for student inputs, environmental experiences on campus, and self-selection and measured-in a quantifiable way-the positive impact of library resource utilization on the academic success of new college students. The library, as this study shows, has a positive impact on students' academic performance, net of other factors (student demographic characteristics, precollege academic preparation, and other environmental experiences on campus)." The present study particularly contributes to the body of research on the impact of academic libraries by (1) examining this impact through the lens of Alexander Astin's Input-Environment-Output conceptual framework, (2) using analytical procedures that account for self-selection bias, and (3) estimating the average treatment effect and its corresponding effect size. It is our hope that this study will inspire researchers to use similar analytical tools to further investigate the impact of academic libraries on student success.
Notes
